Background: Angiogenesis is a prerequisite for airway remodeling in bronchial asthma. Several factors may play important roles in inflammation and angiogenesis through effects on inflammatory cell infiltration or neovascularization. Objectives: (1) To determine the levels of vascular endothelial growth factor (VEGF) and angiogenin in sputum supernatants of asthmatic children during the acute attack and 6 weeks after start of therapy; and (2) to correlate their levels with the degree of asthma severity. Subjects and methods: Twenty asthmatic children with acute attack (mean age, 9.6 ؎ 3.5 years [؎ SD]) and 12 sex-and age-matched healthy control children were enrolled in the study. Sputum supernatants were collected for determination of VEGF and angiogenin levels. Serum samples were withdrawn for IgE measurement. The above tests were performed using an enzyme-linked immunosorbent assay. The FEV 1 was measured using spirometry. VEGF, angiogenin, and FEV 1 estimations were repeated for asthmatic children 6 weeks after start of therapy. Results: During the acute attack, asthmatic children had significantly higher levels of VEGF and angiogenin than in healthy control children (p < 0.001). VEGF and angiogenin levels showed more elevation with increase in asthma severity (p < 0.001). A significant positive correlation existed between both angiogenic factors (r ‫؍‬ 0.98, p < 0.001). A negative significant correlation was found between FEV 1 percentage of predicted and both VEGF (r ‫؍‬ ؊ 0.99, p < 0.001) and angiogenin (r ‫؍‬ ؊ 0.97, p < 0.001). A nonsignificant correlation was found between serum IgE and sputum VEGF (r ‫؍‬ 0.09, p > 0.05). Although there was a significant decrease in the levels of both VEGF and angiogenin after 6 weeks of treatment with corticosteroid inhalation therapy, the levels did not reach normal control levels (p < 0.001 and p < 0.05, respectively). Conclusions: Our results show that both VEGF and angiogenin levels were elevated in children with acute asthma. The study also suggests that increased severity of bronchial asthma in children is associated with the expression of both angiogenic factors, which are implicated in asthma pathogenesis. After 6 weeks of therapy, the levels of both angiogenic factors showed significant decrease.
A ngiogenesis and microvascular remodeling are known features of chronic inflammatory diseases such as asthma and chronic bronchitis. 1 Angiogenesis is the growth of new blood vessels from existing vessels, whereas microvascular remodeling is characterized by hypertrophy and hyperplasia of airway smooth muscle, increase in mucous glands, and thickening of the reticular basement membrane as well as structural alterations-usually enlargement-of arterioles, capillaries, or venules, without the formation of new vessels. This is thought to contribute to irreversible airway obstruction, which is one of the factors that make the treatment for asthma difficult. 2 The mechanism responsible for the formation of new vessels and the remodeling of the existing vessels is unknown. Mediators and inflammatory cells can be involved in different ways such as histamine and bradykinin, which can induce vasodilation, as well as some cytokines present in the airways that could determine the formation of new blood vessels. The increase in the number and size of vessels can contribute to thickening of airway wall, which leads to critical narrowing of bronchial lumen when bronchial smooth-muscle contraction occurs. 3 The formation of new vessels and the remodeling of the existing vessels are likely to be induced by multiple growth factors, including vascular endothelial growth factor (VEGF) and angiogenin. 4 VEGF is widely expressed within many different highly vascularized organs such as the lungs. 5 VEGF is one of the most potent proangiogenic cytokines, which plays a central role in mediating the process of angiogenesis. VEGF also increases vascular permeability so that plasma proteins can leak into the extravascular space, leading to edema and profound alterations in the extracellular matrix. 6 Angiogenin, which was first isolated from the conditioned medium of colonic carcinoma cells grown in culture, is a member of the ribonuclease superfamily, which is normally present in the circulation. 7 It is one of the most potent tumor-derived angiogenic factors. Moreover, angiogenin plays a role in a number of nonmalignant vasculoproliferative pathologic conditions. It has been implicated as a mitogen for vascular endothelial cells, an immune modulator with suppressive effects on polymorphonuclear leukocytes, an activator of certain protease cascades, as well as an adhesion molecule. 8 In the present work, our aims were as follows: (1) to determine the levels of both angiogenic factors, VEGF and angiogenin, in the sputum of asthmatic patients during the acute attack and 6 weeks after start of therapy; and (2) to correlate these levels with the degree of asthma severity.
Materials and Methods
Twenty well-documented asthmatic children were enrolled in the present study. They were recruited from the Pediatric Chest Clinic, Ain Shams University Hospital (14 male and 6 female children; age range, 5 to 16 years; mean, 9.6 Ϯ 3.5 years [Ϯ SD]).
Diagnosis of asthma was made according to the criteria suggested by the American Thoracic Society. 9 All patients had episodic cough, wheezing, dyspnea, blood eosinophilia, and normal chest radiograph results. The patients also exhibited reduced FEV 1 and bronchial hyperresponsiveness to cholinergic agents. Following Global Initiative for Asthma classification, 10 the children were further classified according to severity of asthma: mild persistent (n ϭ 7), FEV 1 Ն 80% of predicted and at least one of the following: asthma symptoms more than once a week but less than once per day, and nighttime asthma more than twice a month but less than once a week; moderate persistent (n ϭ 9), FEV 1 Ն 60% but Ͻ 80% of predicted, daily symptoms, or nighttime asthma more than once a week; and severe persistent (n ϭ 4), FEV 1 Ͻ 60% of predicted, or physical activities limited by asthma. The patients were maintained on ␤ 2 -agonists (long-and/or shortacting rescue treatment), and none were receiving oral or inhaled corticosteroids for at least 1 month before presentation. All patients presented to hospital with an acute asthmatic attack as defined by National Asthma Education and Prevention Program guidelines 11 : cough, shortness of breath, wheezing, chest tightness, use of accessory muscles, and suprasternal retractions. Patients with lower respiratory tract infections were excluded from the study. Patients received inhaled short-acting ␤ 2 -agonists by metered-dose inhaler or nebulizer and oxygen therapy. Patients who did not show improvement with the above regimen received IV methylprednisolone, 1 to 2 mg/kg. After recovery from acute attack, all patients received inhaled corticosteroids (100 to 250 g of fluticasone propionate) for 6 weeks. ␤ 2 -Agonists were added to the treatment regimen for moderate and severe cases. 11 Twelve age-and sex-matched healthy children attending the Pediatric Clinic, National Research Center for routine follow-up were considered as a control group. Informed consent was obtained from all parents and approved by the ethics committee of Ain Shams University Hospital and National Research Center.
Sputum Induction and Processing
Two sputum samples were obtained from each patient: one immediately after admission to the hospital, and the other 6 weeks after treatment. For healthy children, only one sample containing normal bronchial secretions was collected.
Sputum induction and processing were performed as previously described by Asai et al. 12 All subjects were instructed to wash their mouths thoroughly with water. They then inhaled 3% saline solution nebulized in an ultrasonic nebulizer at maximum output, at room temperature under close medical supervision. They were encouraged to cough deeply at 3-min intervals thereafter. The sputum samples were kept at 4°C for no more than 2 h before further processing. A portion of the sample was diluted with phosphate-buffered saline solution containing 10 mmol/L dithioreitol and gently vortexed at room temperature for 20 min. After centrifugation at 400g for 10 min, the supernatant was stored at -70°C for subsequent assay for VEGF and angiogenin. No material was added to stimulate rupture of cells.
Blood Sample Collection
Three milliliters of whole blood was withdrawn from every subject via venipuncture and was prepared for the different laboratory investigations as appropriate. All of the studied children completed the following: (1) predicted as an indicator of small airway function; (4) laboratory investigations, including the following: (A) erythrocyte sedimentation rate using the Westergren method; (B) complete blood picture, including total and differential leukocytic counts, especially the band cells and absolute eosinophil and basophil counts (Coulter Js ϩ cell counter; Coultronics; Hialeah, FL); blood sampling of all subjects was performed at the same time daily (10 am) to avoid diurnal variations in eosinophil counts; (C) serum total IgE, measured by enzyme-linked immunosorbent assay (Medix Biotech, A Genzyme Company, San Carlos, CA); the value of IgE used for data analysis was the percentage from the highest normal for age, 13 as follows: patient's actual value/highest normal value for age ϫ 100; and (D) VEGF level in sputum supernatant by enzyme-linked immunosorbent assay (Cytimmune Sciences; Rockville, MD). The kit used (96 tests; ACCUCYTE Human VEGF; Cytimmune Sciences) is designed to measure the total (bound plus free) amount of VEGF in serum, plasma, and serum-free biological fluids. Human VEGF is a competitive enzyme immunoassay that measures the natural and recombinant forms of the cytokine VEGF. Goat anti-rabbit antibodies are used to capture a specific VEGF complex in each sample consisting of VEGF antibody, biotinylated VEGF, and sample/standard. The biotinylated VEGF conjugate and sample or standard compete for VEGF specific antibody binding sites. The assay is visualized using a streptavidin alkaline phosphatase conjugate. The amount of VEGF detected in each sample is compared to a VEGF standard curve. The kit is highly sensitive (detects VEGF at levels as low as 0.195 ng/mL; the range of detection is 0.195 to 200 ng/mL. E-Human Angiogenin in the sputum supernatant: this was performed using a Quantikine ELISA kit (R&D Systems; Minneapolis, MN). This kit (96 tests) is used for the quantitative determination of human angiogenin in cell culture supernatants, serum, and plasma. A monoclonal antibody specific for angiogenin has been precoated onto a microplate. Standards and samples are pipetted into the wells, and any angiogenin present is bound by the immobilized antibody. After washing away any unbound substances, an enzymelinked polyclonal antibody specific for angiogenin is added to the wells. Following a wash to remove any unbound antibodyenzyme reagent, a substrate solution is added to the wells and color develops in proportion to the amount of angiogenin bound. The intensity of color is measured. The kit is highly sensitive-it detects angiogenin levels Ͻ 6 pg/mL-and is highly specific, with no cross-reactivity with other cytokines.
Statistical Analysis
A standard computer program (SPSS for Windows, Release 10.0; SPSS; Chicago, IL) was used for data entry and analysis. All numeric variables were expressed as mean Ϯ SD. Comparison of different variables in various groups was done using Student t test and Mann Whitney test for normal and nonparametric variables, respectively. Comparisons of multiple subgroups were done using analysis of variance and Kruskall-Wallis tests for normal and nonparametric variables, respectively. Pearson and Spearman correlation test were used for correlating normal and nonparametric variables, respectively. For all tests, p Ͻ 0.05 was considered significant. Graphic presentation of the results was also done. 14 
Results
Results of the present study are illustrated in Tables 1-4 and Figures 1-3 . The mean levels of VEGF and angiogenin showed a highly significant increase in acute asthmatics vs healthy children (p Ͻ 0.001) [ Table 1 ].
Studying the correlation between VEGF and angiogenin levels during the acute asthmatic attack revealed a highly significant positive correlation (r ϭ 0.98, p Ͻ 0.001) [Fig 1] . After 6 weeks of asthma therapy, this correlation still existed (r ϭ 0.64, p Ͻ 0.05). †Difference in the mean levels of VEGF and angiogenin between patients during the acute asthmatic attack (n ϭ 20) and healthy children (n ϭ 12). ‡Difference in the mean levels of VEGF and angiogenin between patients during the acute asthmatic attack (n ϭ 20) and after 6 weeks of therapy. §Difference in the mean levels of VEGF and angiogenin between patients after 6 weeks of therapy and healthy children. Table 2 shows the mean levels of FEV 1 , VEGF, and angiogenin in each severity group. Significant changes were noticed with increase in asthma severity. FEV 1 levels showed significant decrease (p Ͻ 0.001), whereas VEGF and angiogenin were significantly increased (p Ͻ 0.001). Figure 2 shows the inverse highly significant correlation that exists between VEGF and FEV 1 in asthmatic children during the acute attack (r ϭ Ϫ 0.99, p Ͻ 0.001) and 6 weeks after therapy (r ϭ Ϫ 0.78, p Ͻ 0.001); similarly, an inverse highly significant correlation was found between angiogenin and FEV 1 during the acute asthmatic attack (r ϭ Ϫ 0.97, p Ͻ 0.001) and 6 weeks after treatment (r ϭ Ϫ 0.83, p Ͻ 0.001) [Fig 3] .
A highly significant increase in the mean levels of serum total leukocytic, eosinophilic, and lymphocytic counts, and serum IgE percentage was found in asthmatic children in comparison to healthy control subjects (Table 3) . Table 4 shows the presence of different correlations between peripheral eosinophils and sputum VEGF (p Ͻ 0.001), and between serum lymphocytic count and sputum angiogenin (p Ͻ 0.001). However, no significant correlation was found between IgE percentage and VEGF (p Ͼ 0.05). Six weeks following the start of treatment in asthmatic children, there was a significant decrease (p Ͻ 0.001) in the mean levels of both VEGF and angiogenin; however, control levels were not reached for both markers (p Ͻ 0.001 and p Ͻ 0.05, respectively) [ Table 1 ].
Discussion
Several characteristic changes occur in the bronchial wall in asthma, including specific changes to the vasculature. These result in an increase in vessel numbers per unit area, as well as increased vessel activity suggested by vasodilation, vessel leakage, and cellular margination with transmigration to target tissues. This combined action in asthma leads to airway wall thickening and reduced airway flow. Each component of the vascular response has been shown to be controlled by a range of inflammatory mediators and growth factors. 1 In the current work, we studied two angiogenic factors: VEGF and angiogenin, with different modes of action on the bronchial mucosa. The mean levels of both factors in induced sputum from asthmatic children were significantly higher than in healthy children (p Ͻ 0.001) [ Table 1 ]. This result was in agreement with many authors, 2,4,5,12,15 who also hypothesized that both VEGF and angiogenin are considered among the most important factors that contribute to airway hyperresponsiveness by inducing chronic airway remodeling, thus leading to irreversible airway changes in asthma. Contrary to our results, Demoly et al 16 found no significant difference between asthmatic and control subjects in VEGF levels in BAL fluid. This discrepancy might be explained by the difference in samples examined (ie, sputum vs BAL). BAL fluids reflect alveolar rather than bronchial surface composition; in asthma, the bronchi rather than the alveoli are involved in the epithelial injury repair.
Moreover, a positive correlation existed between levels of VEGF and angiogenin in induced sputum (Fig 1) . McDonald 2 confirmed that both VEGF and angiogenin play complementary and coordinated roles in vascular growth and remodeling, and both have powerful effects on vascular function.
Both VEGF and angiogenin levels were correlated with the severity of asthma (Table 2 ). Each angiogenic factor was independently correlated with FEV 1 (as an indicator of small airway obstruction). A negative significant correlation was found between VEGF levels in induced sputum and FEV 1 percentage of predicted (Fig 2) . In accordance with the above results, Salvato 17 and Vrugt et al 18 showed that severe cases had more vessels than patients with mild-to-moderate asthma, which suggests a possible relation between vascular remodeling of the airway wall and asthma severity. Asai et al 5 as well demonstrated that asthmatics with elevated VEGF levels might exhibit airflow limitation through thickened edematous airway wall by increased permeability. Similar to VEGF, there was an inverse correlation between angiogenin levels and FEV 1 percentage of predicted (Fig 3) . It was hypothesized that angiogenin may contribute to airway hyperresponsiveness by inducing chronic airway remodeling. 4 A complete blood analysis was performed for all patients in the present study (Table 3) . A positive correlation was found between peripheral eosinophils and VEGF levels; similarly, a positive correlation existed between peripheral lymphocytes and angiogenin levels (Table 4) . These results confirm the cellular source of both VEGF and angiogenin. In agreement, Horiuchi and Weller 19 reported that VEGF is expressed in peripheral eosinophils, which suggests a strong link between increased levels of VEGF and eosinophilic airway inflammation. However, Ahmed 20 found a nonsignificant correlation between sputum VEGF and serum eosinophilic count, which was explained by the small sample size used in his study. Previous work 21 reported that angiogenin is a mediator produced by a wide variety of cells such as macrophages, endothelial cells, and peripheral blood lymphocytes. Boesiger and coworkers 22 noted that mast cells can also play a role in inducing the neovascularization process through the release of proangiogenic factors such as histamine, heparin, and VEGF (following IgE-dependent upregulation). Ahmed 20 confirmed the presence of a significant positive correlation between sputum VEGF and total serum IgE. However, in the present study, a nonsignificant correlation existed between the levels of IgE in serum and sputum VEGF (Table  4 ). Sly 13 explained that the total IgE levels are not always informative of disease activity, although closely related to pathogenesis. Furthermore, circulating IgE does not always reflect the actual IgE population attached to mast cells. Levels of both VEGF and angiogenin were reevaluated 6 weeks after asthma therapy, which consisted mainly of inhaled corticosteroids (fluticasone propionate) for all patients and ␤ 2 -agonists in selected cases as needed. There was a significant decrease in the mean levels of both angiogenic factors compared to values recorded during the acute asthmatic attack, yet they did not reach normal control levels (Table 1) . Previous work by many authors 2, 12, 23 has suggested that inhaled corticosteroids have a role as key agents in the treatment of inflammatory airway disease (such as asthma) and angiogenesis. Bandi and Kompella 24 reported that VEGF secretion and VEGF messenger RNA expression were inhibited through a glucocorticosteroid receptor-mediated mechanism in the airway and the alveolar epithelial cells. Furthermore, glucocorticoids can reverse the remodeling and decrease vascularity of the asthmatic airway mucosa induced by angiogenin production. 2 In conclusion, VEGF and angiogenin levels in induced sputum supernatants were increased in acute asthmatics, and their levels were associated with the degree of airway narrowing and asthma severity. Therefore, both factors could be used as serologic indicators of the ongoing process of allergic inflammation and asthma severity. Although the levels of both angiogenic factors were decreased after asthma treatment (6 weeks in duration), yet their levels did not reach normal as a result of the sustained disordered airway function in these patients. We recommend further studies to demonstrate the exact effect of asthma treatment (with special emphasis on inhaled corticosteroids) on angiogenesis in asthmatic children. Future studies to develop novel therapeutic agents that prevent angiogenic factor production may be needed to restore normal lung function in asthmatic subjects.
